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(54) Fluid condition monitor 

(57) A fluid condition monitor suitable for real time 
monitoring of a fluid in a fluid system such as onboard 
vehicle monitoring of engine oil and transmission fluid to 
determine contamination. A capacitive spaced array 
electrode probe is immersed in the fluid and an oscillat- 
ing voltage is applied at a first hertzian frequency and 
the current l B measured as an analog of the bulk fluid 
impedance. The voltage is also applied to the probe at a 
second sub-hertzian frequency and the current Is 
measured as an analog of the electrode surface imped- 
ance. The difference in measured currents Al is deter- 
mined electrically compared with a predetermined 
threshold value; and, the measured first frequency cur- 
rent l B is compared with an upper and lower limit value 
for l B determined empirically for the known baseline 
fluid. If Al is below the threshold or l B is not within the 
upper and lower limits, a fault condition is declared and 
an indicator is activated to warn that the fluid is not suit- 
able for continued operation of the system. An alternate 
embodiment includes a fluid level sensor. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[0002] Not Applicable 
MICROFICHE APPENDIX 
[0003] Not Applicable 
BACKGROUND OF THE INVENTION 

b» Wroduaon <* foreign SZ^S^S^SZSTS? "T"**" *• °» » » ^rnirwion 

canbuston or aging. 5 "" ces ^''«seng, ne coolara ordaerioraKncluetocnemicaactivitytromproduoKof 

nique of applying an AC signal current rSafively Utah frlou^v to m il?! , ^ k "° Wn SyStems employ the tec "- 
in the impedance measured th^ T^^i^!^^ ^ ° f a capacrtor and determining the change 
hertz anS 500 kJTeS * * frequenc,es are ,n < h * multi-hertzian range of generally between ?0 

Elselvier Science W.^isto^IZZLnl*? V J' * aL published 4 Januar y 1997 b V 

peak over a range of *«|^^£fS?SSS^« S^t S* 3 SinUS ° idal VO,ta9e 01 2 5 vo «^ 

resistance of the fluid a ^eterminedTv SltaS ta^S k™ 6 ^ ' ater WOrk uti,ized on, y *"» bulk 
su*ab.e for onboard oonSSSSSS^^ ^ 1 °° 1 "'^ and iS n0t 
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is not met, the monitor provides an electrical indication that the fluid is not suitable for continued operation. 
[0010] In the preferred embodiment, current is measured and convened to a voltage for purposes of the compari- 
son. 

[001 1 ] In a second embodiment the electrodes of the capacitance are positioned adjacent separate plate-type elec- 
5 trodes which have the first high frequency signal voltage applied also thereto for fluid level detection purposes; and, the 
circuitry for monitoring the fluid condition detecting capacitance is disabled if the level detector indicates a low-level con- 
dition. 

[0012] The present invention thus provides a simple, low cost technique for real time on-board monitoring of lubri- 
cating fluid employed in engines and power transmissions of motor vehicles and other working fluid system applica- 
10 tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

15 

FIG. 1 is a block diagram of the present invention in its simplest form; 
FIG. 2 is a block diagram of the computational algorithm for the system of FIG. 1 ; 
FIG. 3 is a circuit schematic for the amplifier and current voltage converter for the system of FIG. 1 ; 
FIG. 4 is a block diagram of the control logic for the switches of FIG. 3; 
20 FIG. 5 is a plot of current measured at the higher frequency for the system of FIG. 1 plotted as a function of tem- 
perature; 

FIG. 6 is a section view of the fluid condition monitoring probe of the system of FIG. 1 ; 
FIG. 7 is a bottom view of the probe of FIG. 6; 
FIG. 8 is a right-hand end view of the probe assembly of FIG. 6; 
25 FIG. 9 is a detailed view of the configuration of the electrodes for the fluid monitoring probe of FIG. 1 ; 

FIG. 10 is a block diagram of an alternate embodiment of the system of FIG. 1 ; 
FIG. 11 is a block diagram of the algorithm employed in the system of FIG. 1 0; 

FIG. 12 is a Bode plot of frequency versus resistance for three levels of engine coolant contamination for new heavy 
duty truck transmission synthetic lubricant; 
30 FIG. 1 3 is a Bode plot similar to FIG. 1 2 for three levels of coolant contamination of used synthetic heavy duty truck 
transmission fluid; 

FIG. 1 4 is a Bode plot of resistance versus frequency for measurements taken of synthetic 1 0W30 used passenger 
car engine drain oil with 5% engine coolant contaminant; and, 

FIG. 15 is a Bode plot of frequency versus resistance for measurements taken of automatic transmission fluid. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

[001 4] Referring to FIG. 1 , the basic system of the invention is indicated generally at 10 as having a probe assembly 
indicated generally at 12 which is immersed at least partially in fluid 14 contained in a receptacle 16 which may be an 

AO engine crankcase or power transmission housing or other fluid vessel. The probe assembly will be described in greater 
detail hereinafter; and, a temperature sensor comprising a resistive temperature device 18 is also immersed in the fluid 
1 4. The probe 1 2 receives an input along line 24 from the AC excitation section 20 of the microprocessor base micro- 
controller, indicated generally at 22, and, the output of the probe assembly 12 is provided along line 26, which has a 
grounded shield 28, to the input of an amplifier and current to voltage convener 30 which has its output connected along 

45 line 32 to the signal acquisition section 34 of microcontroller 22. The temperature sensor 18 is connected through lines 
36, 38 with the lines having a grounded shield 42 to the input of an amplifier 40. The output of the amplifier 40 is also 
connected along line 43 to the signal acquisition section 34. The amplifier/current to voltage convener 30 has an "auto 
range" gain control function and is connected to receive inputs along lines 44, 46 from digital controller section 48 of 
microcontroller 22. The microcontroller has a digital output line section 50 which is connected along line 52 to a condi- 

so tion warning indicator 54 to provide excitation thereof. 

[001 5] The microcontroller 22 includes an eight bit microprocessor 56. a memory section 58, embedded software 
containing the algorithm for probe 12, as denoted by section 60. and an address and data control function section 62 
with the timing trigger and interrupt control being performed by section 64. 

[001 6] It will be understood that the probe 1 2 and temp sensor 18 may be mounted on a common support structure 
55 for connection through an opening in the housing or casing 16. 

[0017] The temp sensor 40 is conventionally connected in a Wheatstone bridge circuit and forms one leg thereof; 
and, therefore the details of the circuit therefor have been omitted for the sake of brevity. In the present practice of the 
invention, the sensor 18 is a platinum element on a ceramic substrate and has a resistance change proportional to tem- 
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S^!L, 1? pres l nt| yP r ^ erred P ractice of »he invention the amplifiers 30. 40 are mounted as close to the housinq 

£5T? If ' S L Pr t Ct ' Cal 3nd may be encl0sed in a suitab,e P rotectiv * enclosure denoted by reference numeraM? 
and ...ustrated in dashed outline in FIG. 1. Such an arrangement keeps the length of the fhiSdS^SS « STo I 

[0019] Referring to FIG. 3, amplrf.er 30 receives a current signal from probe output line 26 at its inoui conneSion 

' r aPP 6d 10 inVertin9 ° f d6ViCe ' C - 1 WhiCh is bv a 9" ard ""9 io^in TshTo^ 

denoted by reference numeral 66. The probe 12 is excited by a constant supply vottage having a 1 0 vote AC RMS 
i .6 volts peak magnrtude at a first and second oscillation frequency preferably comprising a sinusoidal SnatTna -fo 

?u°o2o, n9 w o e j?v w ! n e understood inmm *« ° tner ,orms ^ «**q s^tssst^ 

ST 7 « 6 at r Cti ° n 68 3nd res P ec,ive| y to 7 and 4 of .C-1. .n the present practice o toTZlnZ 

£ ■ ' S a ^ B r n ^ N °- OPA128 ° r may COmpriSe an anal °9 devi <* ^ No 549 current to^oS 
conv e rs.on device. The posrtrve .nput of IC-1 is grounded through junction 70. The output of IC-1 is connected \to Hne 

Mne^nr 1 1 JU " 0t,On 72 Which also is connect ed through a resistor network to junction 74\vhich is comected to^ i°npu1 
20 nectedfnl" a SLT St0r n h etWOrk inc,udes R1 ^nected <>" a * between junction 72 and junction 74 and a leg con 
20 nected in parallel therewith compr.s.ng switch SW1 and series resistors R2 and R3. Another leg is also connetfedTn 

ad ust the gam due to the three decade swing of the input current signal from the probe 12 The computed ^seauentia Iv 

25 roSl t °hT « T P ' nS 5 3nd 1 ° f ' C - 1 iS 3 Variable P^ntiometer provided for zero adjustment 

In?l hUh Pr6Sent V PrSfe L r ^ PraCtiC6> thS SWitCheS SW1 - SW2 are ^gnetically actuated glass reed switches 
the li^2 S " ener9 ' za ;° n * the re,av coils denoted respectively 76. 78 which are connected each along one* 
he lines 44, 46 on one side thereof; and. the opposite side of each coil 76, 78 is connected to receive 10 to 15 wHs DC 

aTe SS' ^ reSiSt0r netW ° rk SerVSS to ad * st *• ^in of the device IC-1 by ev!!o7ras^ 
ance in the feedback loop comprising the resistor network 

30 ^^n^l^H 93in Wfth SW1 - 3nd SW2 b0th ° pen is on,y R1 actin 9 as * e feed ° a <* resistor and provides a 
convers on of one volt per nano-amp input to IC-1 . With SW1 closed, the effective resistance of resistors R1 R2 and 

^' d ^ a conversion of 01 vo,te P er "ano-amp; and. with SW1 and SW2 both closed and R4 cSnSed to the net 

Z r^nTZT ' S 1 °\ V(M P T r" 0 - 3 ^ SW1 3nd SW2 bei " 9 9laSS reed Provide^ramefy S h fea - 
2E 2 SSI in ,ow , ca P ac,tance - P r o°e signal acquisition is started, the acquisition section 34 determines if 
any of the amplifier oulputs is being driven to near-saturation. If this is the case, the acquisition is restarted Z ha ^oain 

nU^™ ♦ ' Wel ' TnUS> the 9ain of the amplifier 30 is ad i usted individually as needed until a <Sm- 

S2Snt°c2, S T en K e Ca " b6 accom P« a ned. The acquisition section 34 accomp.ishes this by ?uto rang^by 
nSS2l 9 r ^ , y 'T" 19 . 3 '° 9iC Si9 " al t0 106 COntr0 ' amp 9ain section 48 whi * in turn supplies cunem sig- 
tSth Jn^Kn if ' V l re a/ , CalS th6 amplif ' er S6Cti0n 30 for Contro,lin 9 switches SW1 ■ SW2. ft has been determined 

fo^ln TableTbeiow. 10 ^ deSi9naWon and values for the various elect ronic components of the circuit are set 
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Table I 



Device Designation 


Type/Value 


IC-1 


CPA128,AD549 


D1, D2 


2N4117 


R1 


1GOhm 


R2 


100 Meg Ohm 


R3, R4 


1 1 Meg Ohm 


R5 


50K Ohm, Variable 
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Table I (continued) 



Device Designation 


Type/Value 


CI, C2 


0.1 ufd 


SW1, SW2Coil 


700 Ohm, 5V 


SW1, SW2 


EAC R1A5AHH 



[0024] Referring to FIG. 4, the system control functions are illustrated in the form of a block diagram in which the 
io maximum output of amplifier 30 is determined for a given signal cycle at step 80 and the status of switches SW1 , SW2 
is determined at step 82. The status from step 82 is utilized at step 84 to determine whether SW1 is open and switch 
SW2 is closed. If the determination is affirmative, the system proceeds to step 86 to open switch SW2 and change the 
gain of IC-1 to the next higher level. If however, the determination at step 84 is negative, the system proceeds to step 
88 to determine if the amplitude A max is greater than 0.85 volts and equal to or less than 8.50 volts. If the determination 
75 at step 88 is positive, the system proceeds to step 90 to maintain the existing status of switches SW1 , SW2. 

[0025] If the determination at step 88 is negative, the system proceeds to step 92 to determine if A max is equal to 
or less than 0.85 volts; and, if affirmative, the system proceeds to step 94 and asks if SW1 and SW2 are both open. If 
the determination at step 92 is negative and a Amax is greater than 8.50 volts, the system proceeds to step 96 and asks 
if SW1 and SW2 are both open. 
20 [0026] If the determination at step 94 is negative, the system proceeds to step 98 and asks if SW1 is closed and 
SW2 is open. If the determination at step 94 is positive the system proceeds to step 95 and maintains the status of SW1 
and SW2. 

[0027] If the determination at step 98 is positive, the system opens switch SW1 at step 99. If the determination at 
step 98 is negative implying that SW1 and SW2 are both closed, the system proceeds to open switch SW2 at step 1 00. 
25 [0028] If the system determines at step 96 that SW1 and SW2 are open, the system proceeds to step 102 and 
closes switch SW1 . 

[0029] If the determination at step 96 is negative, the system proceeds to step 104 and asks whether SW1 is closed 
and SW2 is open. If the response to step 104 is affirmative, the system proceeds to step 106 to close switch SW2. If 
the determination at step 104 is negative implying SW1 and SW2 are both closed, the system proceeds to step 1 08 to 
30 keep the status of SW1 and SW2. 

[0030] The truth table for the flow diagram of FIG. 4 is set forth in Table II below. 



Table II 


Switch Position 


Resistance 


Gain 


SW1 OPEN 
SW2 OPEN 


Rl 


1 Volt/nano amp. 


SW1 CLOSED 
SW2 OPEN 


Rl (R, + R) = 100 Meg 
Rl + R 2 + R 3 


0.1 Volt/nano amp. 


SW1 CLOSED 
SW2 CLOSED 


R, X 100 Meg 
R, + 100 Meg 


0.01 Volt/nano amp. 



45 

[0031] Referring to FIGS. 6, 7 and 8, the mechanical construction of the probe 12 is shown as mounted on a base 
110 which is mounted to a tubular hollow receptacle 112 which is threadedly engaged in an aperture provided through 
the wall of the casing or wall of fluid vessel 1 6 and secured therein by a lock nut 1 1 4. In the present practice of the inven- 
tion the receptacle 112 has a right angle configuration for receiving therein a cable 116 which contains the leads for 

so electrical connection to the probe 12 and the temperature sensor 18. If desired, base 110 may have additional devices 
attached thereto as will be described hereinafter with respect to the embodiment of FIGS. 10 and 11. The probe 12 is 
supported by a supporting plate 118 which extends from the base 110 upwardly into the surrounding fluid within the 
casing 16. Electrical terminals such as terminal 120 extend from the support structure 1 18 through the base 1 10 to pro- 
vide for electrical connection the leads 24, 26. 

55 [0032] Referring to FIG. 9. the probe 12 is shown in the preferred practice as mounted on a substrate 122 which 
comprises a glass filled polytetrafluoroethylene (PTFE) substrate; and, the substrate 122 is mounted on the support 
structure 118 which preferably is formed of a high dielectric material such as polyetherimide plastic. 
[0033] In the presently preferred practice of the invention the probe 12 includes two spaced electrodes 124, 126 
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PT^with I h t !l e , Ctr °l eS 1 24 ' 1 26 be formed mi,li "9 serial from a printed circuit board comprising glass filed 

I? 0 ? , ^ 1,16 PfeSent Practice of 1,16 Mention, the substrate 122 of the probe 12 is formed of a material h av inn a 

EE ^ * ^ 3 "* « — ™ a " d a h *h 

IS!?™ frt Referrin9 to F,Q 5 ' data has bee " Pitted for measurements of the current flow through the electrodes of 
St ansr^nTw anT 65 " *" Mh 35 ***** for heaVy du * truck transnSS,^ (HD^o 

mS tnTcu3T duetto ch^r^H T IF" ^ (PCMO) 31 the higher fre ^r,cies of at .east one nertz to deter- 
4 7o° KeMn Te tend -mpedance of the ,,uid * "road range of temperatures from 270° to 
-ractts^^^^ 

measured at 1 hertz falling within a reg.me bounded by the curves for the high and low limit in FIG 5 In the oreLnt 
pract.ce of the .nvent.on, the data for the curves were entered into a Microsoft Excel Sp e^dsheef-LINES? • E22 
Regression Function and the expressions for the curves determined to be as follow t>preadsneet L,NEST M "»'P'e 

High limit = 1.15 (10 B 1616 mWa 4/(1 +z 'a.it»; ) 
Low limit = 0.85 x 10 (8 5489 " 2451 53/(7 + 273 - 15 » 

a ooS U6nC H S ^"f are indications of « ha ^.k impedance of the f.uid irrespectiv ^^SSSZT 
Eao m^and W b^ e f T RGS - 12 thrOU9h 1 5 that measu ' a ™"ts <* distance taken at Cuencies of 
frol ^ below encounter a steep rise in the curve with variations in frequency. Furthermore it is noted 

from FIGS. 12 through 14 that the addition of contaminant to the measured fluid, although causing a SdownwSln 

le^T 2T T* " St6eP ^ " thS 31 the ,OW *■*•«*»■ » is also oL"Z *e ^ cur^sTe^ n 
SSn °L n ^ ,Ve " 90,ng 81 the l<Wer f rec » uencies d eP^ing upon the level of contamination Ac^rdTngly ItTas 

D^om^ed 1 b^T m6ntS 01 ^ reSiStanC6 ° f f ' Uid 3t the '° Wer ««* a * aJSES Z 

S^ST^ ^ . ! ne measuremente <o r the fluid at the lower frequencies for making a valid determination 

so TZT^m^ COntaminati ° n : ^ ^ bS aCCOm P lfehad b V ^ractfng ftfe va^obSn^a 

ror me measured fluid in real time at the lower frequencies from the values obtained for the base line fluid and makino 

J22L* ■ P u [ Pr T C6 ° f ,h6 ' nVerti0a the evaluation °r ^e data presented in FIGS. 1 2 through 15 has indi- 
cated that if a minimum threshold difference is established, then an electrical comparison may be performed in S tae 
and a continuous indication of the fluid condition provided electrically. performed in real time 

55 SSS'i p a nn the Pf f SSn ? C^o 06 ° f thS inV6ntion the drcuitry employed for the embodiment 10 of FIG. 1 employing the 
probe 12 and circuitry of FIGS. 3 and 4 provides a system which measures the current in the probe whichWrSsoro 

of 0 th 0 e n ch y a nn 6 ^ 'T**" 9nd ' ther6fore the cement of current is conside^to be a va^ana'og 

of the change ,n resistance. In the present practice of the invention, a threshold value for the changeln cu^ent 
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Al = I B - 1 s , where l s is the current measurement at the higher frequencies or frequencies above one hertz, has been 
established at a level of 4 nano amps. In other words, if a difference in current of at least four nano amps is detected by 
the system, the fluid is considered to be acceptable or in a non -contaminated condition and is suitable for continued 
usage. If, the system detects a Al or difference in current measured at frequently high frequencies and low frequencies 

5 of less than four nano amps, the system makes the determination that a significant level of contamination exists in the 
fluid and further usage should be prohibited and the system gives an indication that a fault condition exists. 
[0041] Referring to FIG. 2, the system reads the temperature provided by temperature sensor 18 at step 132 and 
makes a determination at step 134 whether the temperature is below 60° Centigrade and if the result of the determina- 
tion is positive, the system proceeds to step 136 and provides a fault indication and proceeds to step 138 to provide a 

w warning disable signal which shuts down the condition warning light at 1 40. 

[0042] If, a determination at step 134 is negative, the system proceeds to step 142 and tests the fluid by applying 
a voltage F1 at a first frequency of about one hertz to about 1 00 hertz to determine the bulk impedance of the fluid; and, 
a second signal F2 is applied at a frequency of 30 millihertz to determine the surface characteristics of the electrode of 
the probe. The system proceeds to step 144 to calculate the difference D of signals F1 and F2. The system them pro- 

is ceeds to step 146 to make a determination whether the difference D is greater than the threshold of four nano amps. If 
the determination of step 146 is positive the system provides an input signal to one input of AND gate 148. If the deter- 
mination at step 1 46 is negative the system proceeds to an input an OR device 1 50 and illuminates a condition warning 
light at step 152. 

[0043] At step 1 42 the signals F1 and F2 are also applied to the computer at step 1 54 and the upper and lower lim- 
20 its F1H and F1L are calculated for the higher frequency measurement F1 in accordance with the algorithms developed 
for the curves of FIG. 5. The measurement F1 for the higher frequency is then compared at step 156 with the values 
calculated in step 154; and, if the determination is made that the signal F1 is within the upper and lower limits estab- 
lished at step 1 54, the system proceeds to provide a signal to the second input of AND gate 148 and the condition warn- 
ing light is disabled at step 140. 
25 [0044] However, if the determination at step 156 is negative, the system proceeds to provide a signal through OR 
gate 150 to activate the warning light at 152. 

[0045] Referring to FIG. 10, another embodiment of the system is indicated generally at 200 which employs the 
probe 12 of the embodiment 10 of FIG. 1 and also the temperature sensor 18 of the embodiment of FIG. 1 disposed in 
the fluid 14 of receptacle 16 the embodiment of FIG. 10 includes a level sensor indicated generally at 202 which may 

30 be mounted commonly on the base structure 1 1 0 as shown in FIGS. 6 through 8. 

[0046] Referring to FIG. 10, the level sensor 202 includes a high level electrode plate 204 and an excitation elec- 
trode plate 206 which are of the same size and configuration and disposed in spaced parallel arrangement as illustrated 
in FIG. 6. A low level electrode plate 208 is disposed preferably on the support structure 1 1 8 for the fluid condition probe 
12 and is intended for providing electrical indication of an unacceptable low level of the fluid 14 in receptacle 16. In the 

35 present practice of the invention, the electrodes 204, 206, 208 are excited with the same one hertz voltage as employed 
for the bulk impedance excitation of the fluid condition monitor probe 12. 

[0047] The electrode 204 provides an input to amplifier 210 along line 212 which is protected by grounded shield 
214; and, the output of amplifier 210 is applied to the microcontroller indicated generally at 218 along line 26 to the sig- 
nal acquisition section 220. Amplifier 210 receives gain control signals to provide auto ranging similar to amplifier 30 

40 which signals are provided along lines 222, 224 from the digital control section 226 of the microcontroller 21 8. 

[0048] The excitation electrode 206 receives a signal along line 228 from the AC excitation section 230 of the micro- 
controller 21 8. The low level electrode 208 provides an output signal along line 232 to grounded shield 234 to amplifier 
236. The output of amplifier 236 is applied along line 240 to the input of signal acquisition section 220 of microcontroller 
218; and, amplifier 236 receives gain control signals along lines 242, 244 from the amp gain control section 226 of the 

45 microcontroller 218. The gain control function for amplifier 236 may be similar to that described for amplifier 30 with ref- 
erence to FIG. 3 to prove an "auto contror function. 

[0049] The microcontroller 218 provides outputs from the digital section 246 to level warning light 248 along line 
250 and to the condition warning light 54 along line 52. 

[0050] If desired an optional tachometer sensor 252 may be employed which provides a signal along line 254 to a 
so tachometer amplifier 256 whose output is applied to the signal acquisition section 220 along line 258. 

[0051] Referring to FIG. 11. the operation of the system 200 of FIG. 10 is described in block flow diagram form 
where the system reads the RPM from the tachometer sensor 252 at step 260 and proceeds to step 262. 
[0052] The system also reads the temperature from sensor 1 8 at step 264 and proceeds to step 266 where a deter- 
mination is made whether the temperature is less than 0° Centigrade in which case the system proceeds to step 268 to 
55 provide a fault signal and proceeds to step 270 to disable the level warning light 248. 

[0053] If the system determines at step 266 that the temperature of the fluid is at 0° Centigrade or higher the system 
proceeds to step 272 to test the level by reading the outputs from electrodes 204, 202 and the system calculates the 
fluid level at step 274. The system then proceeds to step 262 and tests to determine whether the RPM is equal to or 
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a!!!! tha " a , ,hreSh °' d ,6Vel Set at 300 RPM and if ,he fluid lev el is less than a predetermined threshold set at 20 If 

tTont n rr t ,s aff : rmative - the system proceeds to activate the ievei 

t.on is negative the system proceeds to turn off the level warning light 248 nowever, the determina- 

[0056] 



[0057] Although the .nverrt.on has hereinabove been described with resDect to tha a. ° pera '' on ,; 
Claims 

1 . A method for sensing the condition of a fluid in a fluid system comprising: 
lra£^ 

(b) immersing said electrodes at least partially in said fluid- 

2L^££2? n8 70,4396 °' 3 ^ ^ ma9nftUde and C6rtain — *■ frequency 

2£HE? ^ r' ta9e f ' 3 fir$t freqUenCy ° f OSCillation associated with measuring the bulk impedance of 
212 a? 3 CS S6t le " 9th ° f tim6 ' and Chan9in9 said volta 9e to a second frequency of osSfa asso 
aated wrth measuring the impedance of the electrode surface for a certain set length of time 
(e) measuring the magnitude of the current developed by said voltage across said electrodes at sairi first an n 

f) calculating the difference between said measured magnitudes of current- and 

Sn^TT" 9 hv S3id difference in "^gnitudes of current to a reference level characteristic of a predeter- 
mined fluid condition to provide an electrical indication of the comparison and determining whettVersa fo «Sm 
panson indicates a significant change in the condition of the fluid. ^ 6tner sa,d 0001 

5»jssar^ and aiterin9 saw re,erence v ° ,ta9e ievei * -~r n 

. The method defined in claim 1 . wherein the magnitude of the said voltage applied to said electrodes is altered in a 
termined alterations in the propert.es and condition of the fluid caused by changes in said temperature. 

2nJT™ d6fined '"J* 3 " 11 1l Wher6in ,he ma 9 nitu de of the said reference voltages are altered in a predeter- 
Z Sinn Th " aCCOrdanCS With the measured temperature of the said fluid in ord* to corrJS^SSSmSL 
alterations in the properties and condition of the fluid caused by changes in saW temperature pr6CJeterm,ned 
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6. The method defined in claim 1 , wherein said step of applying an oscillating voltage comprises instead applying an 
oscillating current of a certain constant peak amplitude; said step of measuring the magnitude comprises instead 
measuring the magnitude of the voltage developed by said current; and said step of comparing comprises instead 
comparing said developed voltages. 

5 

7. The method defined in claim 1 , wherein said step of measuring the magnitude of current developed includes con- 
vening said measured current to a voltage and said step of calculating includes calculating the difference of said 
voltage conversions. 

10 8. A method of monitoring the condition of a fluid in a fluid system comprising: 

(a) forming a pair of electrodes and disposing said electrodes in spaced generally parallel arrangement; 

(b) immersing said electrodes at least partially in said fluid; 

(c) applying an oscillating substantially constant peak supply voltage at a first hertzian and at a second sub- 
15 hertzian frequency of oscillation across said electrodes. 

(d) measuring the current flow at said first and second frequencies and calculating the difference of said meas- 
ured currents; and, 

(e) comparing said difference in measured currents with a reference level for a predetermined acceptable fluid 
condition and determining whether said comparison indicates a non-acceptable fluid condition and providing 

20 an electrical indication of the determination. 

9. The method defined in claim 8, wherein said step of disposing includes spacing said electrodes about 0.12 to about 
1 mm apart. 

25 10. The method defined in claim 8. wherein said step of applying an oscillating supply voltage includes applying said 
voltage sequentially at hertzian frequency in the range of about 10 hertz to about 10 kilohertz and at a sub-hertzian 
frequency in the range of about 1 millihertz to about 30 millihertz. 

1 1 . The method defined in claim 8, wherein said step of comparing and determining includes establishing that said volt- 
30 age measured at first frequency is within predetermined limits established for the particular fluid and determining 

whether said difference in measured currents is greater than about 4 nano amperes. 

12. The method defined in claim 8, further comprising the step of sensing the temperature of said fluid and disabling 
said step of applying when said sensed temperature is outside a predetermined range. 

35 

1 3. The method defined in claim 8 further comprising the step of detecting the level of said fluid and disabling said step 
of applying when said detected level is below a predetermined limit. 

14. The method defined in claim 8, wherein said step of forming a pair of electrodes includes forming a pair of elec- 
40 trodes having a capacitance in the range of about 2 to about 20 pico farads (2-20 x 10~ 12 farads). 

15. The method defined in claim 8, wherein said step of disposing said electrodes includes spacing said electrodes a 
predetermined distance apart. 

45 16. The method defined in claim 8, wherein said step of disposing said electrodes includes spacing said electrodes 
apart a distance of about 0.12 mm to about 1 mm. 

17. A method of monitoring the condition of a fluid in a fluid system comprising: 

so (a) forming a pair of electrodes and disposing said electrodes in spaced generally parallel arrangement; 

(b) immersing said electrodes at least partially in said fluid; 

(c) flowing an oscillating current of a substantially constant peak magnitude at a first hertzian and a second 
sub-hertzian frequency of oscillation through said electrodes; 

(d) measuring the magnitude of voltage developed across said electrodes by said current at said first and sec- 
55 ond frequencies and determining the difference of said measured voltages; 

(e) comparing said difference in measured voltages with a reference level for a predetermined acceptable fluid 
condition and determining whether said comparison indicates a non -acceptable fluid condition and indicating 
the results of said determining. 
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